Background and Aims: In the 4-week GAIN clinical trial, adalimumab was efficacious in inducing remission in patients with moderate-to-severe Crohn's disease [CD] who had prior loss of response/ intolerance to infliximab. The efficacy and safety of adalimumab in these patients are reported here for up to 96 weeks or for 3 years, respectively, in the ADHERE open-label extension study. GAIN, 45.5% and 44.4% [hNRI], respectively, maintained the effect at Week 96. Steroid discontinuation and steroid-free remission rates increased from Week 12 to 96 in patients using corticosteroids at GAIN baseline.
Introduction
Crohn's disease [CD] is a chronic relapsing-remitting inflammatory condition affecting the gastrointestinal tract. The characteristic symptoms of CD-diarrhoea, abdominal pain, weight loss and fatigue-have a significant impact on patients' well-being and quality of life. 1 Current treatment approaches aim to induce and maintain clinical and endoscopic remission, and to improve the patient's quality of life. Minimizing corticosteroid exposure and the need for hospitalization and surgery related to complications, such as fistulae and stenosis, are important additional treatment goals. 2, 3 Several anti-tumour necrosis factor [TNF] biologic drugs are approved for use in CD and are recommended in clinical practice guidelines and other publications for the induction and maintenance of remission in patients with moderate-to-severe CD refractory to conventional therapy. [2] [3] [4] However, approximately one-third of patients receiving anti-TNF agents do not respond to treatment [primary failure], and a significant proportion [greater than one-third] experience a loss of response [secondary failure] or intolerance to treatment. 5, 6 Specifically, patients who have been treated with the chimeric monoclonal antibody infliximab can develop human antichimeric antibodies, which have been associated with reduced duration of response and/or acute or delayed infusion-related reactions. 7 There is limited evidence from randomized controlled trials on the long-term use of a second anti-TNF therapy in patients with secondary failure or intolerance to prior anti-TNF treatment in CD. 5 Adalimumab [HUMIRA ® ] is a fully human, monoclonal immunoglobulin G1 anti-TNF, which has demonstrated efficacy in the induction and maintenance of remission and mucosal healing in patients with moderate-to-severe CD who were naïve to or had failed on prior anti-TNF therapy. [8] [9] [10] [11] [12] [13] [14] [15] The 4-week GAIN [Gauging Adalimumab Efficacy in Infliximab Nonresponders] trial [NCT00105300] investigated adalimumab 160/80 mg induction therapy in adult patients with CD who had symptoms despite infliximab therapy [secondary failure] or who could not tolerate infliximab due to adverse events [AEs] . 11 GAIN demonstrated that adalimumab treatment induced clinical remission, defined as Crohn's Disease Activity Index [CDAI] < 150, in a significantly higher proportion of patients than placebo at Week 4 [21% vs 7%, respectively; p < 0.001]. 11 Patients who completed the 4-week GAIN study were eligible to participate in a longterm open-label extension study, ADHERE [Additional Long-Term Dosing with HUMIRA to Evaluate Sustained Remission and Efficacy in CD], which investigated adalimumab maintenance therapy.
Here, we report long-term efficacy and safety data for patients with CD who completed the 4-week GAIN trial and enrolled in ADHERE.
Materials and Methods

Study design
GAIN was a 4-week, multicentre [52 centres in the USA, Canada, Belgium and France], randomized, double-blind, placebo-controlled Phase 3 trial [ClinicalTrials.gov Identifier: NCT00105300] to assess the efficacy and safety of adalimumab in the induction of clinical remission in patients with CD previously treated with infliximab.
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The protocol was approved by the institutional review board at each study site, and all patients were required to provide written informed consent. The study methodology and entry criteria have been described in detail previously. 11 Eligible patients were aged 18-75 years with a diagnosis of CD for ≥4 months [confirmed by radiologic or endoscopic evaluation] and with moderate-to-severe disease activity at baseline, defined as a CDAI of 220-450. Patients had to be intolerant to infliximab or must have previously responded to infliximab and then lost response. Patients were randomized to receive placebo or induction doses of adalimumab [AbbVie Inc., North Chicago, IL, USA] of 160 mg and 80 mg at Weeks 0 and 2, respectively. Patients were followed to Week 4.
ADHERE was an open-label, Phase 3 extension study [ClinicalTrials.gov Identifier: NCT00195715] to investigate the long-term maintenance of response and the safety and tolerability of repeated administration of adalimumab. ADHERE included patients from both GAIN 11 and CHARM [Crohn's Trial of the Fully Human Antibody Adalimumab for Remission Maintenance]. 9, 12 The ADHERE study protocol was reviewed and approved by an independent ethics committee or institutional review board at each study site, and all patients provided written informed consent. The study methodology and entry criteria for ADHERE have been described in detail previously. 14 
Clinical assessments and outcome measurements
Efficacy was evaluated in all patients who transitioned from GAIN and who received at least one dose of adalimumab in ADHERE using CDAI collected at ADHERE baseline, Weeks 2, 4, 8 and 12, and 12-weekly thereafter until the study termination visit. Efficacy data are reported at Weeks 8, 12, 24, 48, 72 , and 96 of ADHERE for all end points, except for steroid-related end points, which are reported from Week 12 given tapering was only allowed from Week 8 onwards.
The efficacy end points were: CR-70; CR-100, defined as a ≥100-point reduction in CDAI from GAIN baseline; and clinical remission, defined as a CDAI of <150. Steroid-free clinical remission, defined as a CDAI of <150 and discontinuation of steroids, was assessed in patients receiving corticosteroids at GAIN baseline. Steroid discontinuation was also assessed in the same patient population. Fistula remission, defined as absence of draining fistulae, assessed using gentle compression during physical examination, was reported for patients who presented with draining fistulae 
Statistical analyses
Continuous variables were described by mean ± standard deviation [SD] . Categorical efficacy end points were analysed by hybrid nonresponder imputation [hNRI], last observation carried forward [LOCF] and as-observed methods. Hybrid non-responder imputation was defined by use of the non-responder imputation rule, whereby patients with missing data were imputed as non-responders, except when patients discontinued from the study owing to study site closure due to approval of adalimumab in the respective country, in which case they were analysed using LOCF from that point onwards. Patients who escalated from EOW to EW dosing were not imputed as non-responders and were considered according to their observed responses. In the LOCF analysis, patients were not included if they had a missing ADHERE baseline value.
Results
Patients
Details of the patient disposition in the GAIN study have been described previously. 11 Of the 325 patients included in GAIN, 310 completed treatment with either adalimumab [n = 154] or placebo [n = 156] and enrolled in ADHERE. Table 1 gives the baseline demographics and disease characteristics of the patients. Approximately two-fifths [38.4%] of patients were using steroids, and almost a third [31.6%] were receiving immunomodulators [ Table 1 ]. The flow of patients through ADHERE is summarized in Figure 1 Figure 3A and B]. Similar to the trend observed in hNRI response and remission rates [ Figure 2 ], a downward numerical trend was observed in maintenance of response and remission [hNRI] Figure 3A and B]. Using LOCF and as-observed analyses, CR-70 and remission were generally maintained from Week 8 to 96 in ADHERE [ Figure 3A and B], although as-observed remission rates peaked at 90.5% [19/21] Figure 3A and B]. Figure 4A ]. Similar increased steroid-free clinical remission rates were observed with time in the subgroups of patients with CR-70 or remission at GAIN Week 4, although numerically higher steroid-free remission rates were observed in these subgroups [and particularly in the remission subgroup] relative to the overall population [ Figure 4A ]. The proportion of patients receiving corticosteroids at GAIN baseline who discontinued steroids also increased over time, from 33.9% [38/112, as observed] at Week 12 to 72.2% [39/54, as observed] at Week 96 [ Figure 4B ]. A pattern of numerically higher steroid sparing in the subsets of patients achieving response or remission at Week 4 of GAIN was observed [ Figure 4B ].
Steroid-free remission and discontinuation of steroids
Fistula remission
The rate of fistula remission among patients who presented with draining fistulae at GAIN baseline was 50.0% [21/42] Figure 5 , as observed].
Subgroup analyses of efficacy by randomized group in GAIN
Long-term clinical efficacy with adalimumab in ADHERE was also assessed by randomized treatment arm [to adalimumab or placebo] in GAIN, using hNRI. Patients randomized to adalimumab in GAIN, and therefore receiving an induction regimen, achieved numerically higher CR-70, CR-100, and remission rates at Week 8 of ADHERE than those receiving placebo [ Figure 6A -C]; these numerical differences, albeit small, were maintained for all three end points at all time points through ADHERE, with a single exception of CR-70 at Week 72 [ Figure 6A -C]. Rates of steroid-free remission were numerically higher up to Week 96 in ADHERE in patients randomized to adalimumab in GAIN relative to patients randomized to placebo in GAIN [ Figure 6D , as observed]. A similar pattern was observed for discontinuation of steroids in ADHERE up to Week 96 [ Figure 6E , as observed]. Figure 1C , hNRI].
Subgroup analysis of efficacy by loss of response or intolerance to infliximab
Improvement in CDAI PRO subscores in GAIN
Given the severity of CD activity in the patients entering GAIN and that they had already failed on previous treatments including infliximab, the rapidity of response to treatment is an important consideration. Over Days 1-7 in GAIN, the daily sum of three PRO subscores of the CDAI decreased faster in patients randomized to adalimumab versus placebo, with a significant difference by Day 4, which was maintained on Days 5-7 [ Supplementary Figure 2] . 
Safety
A total of 310 patients received at least one dose of adalimumab in GAIN or ADHERE, comprising 494.9 patient-years of exposure. [4.2%] , the majority of which were non-systemic candidiasis. In addition, one patient had acute pulmonary histoplasmosis and one patient had coccidioidomycosis; both events resolved with treatment. Nine patients [2.9%] reported 12 events of malignancy [2.4 events/100 patient-years]. These included five patients with non-melanoma skin cancer [three patients with basal cell carcinoma, two patients with squamous cell carcinoma], and three of these patients were previously exposed to or taking thiopurine medication at GAIN baseline. In addition, one patient each had an anal cancer, lymphoma, thyroid cancer and recurrent vaginal cancer. One patient developed severe demyelinating disease that was considered to be possibly related to treatment; the event subsequently resolved. 
Discussion
Long-term maintenance of clinical remission and response was demonstrated in ADHERE in patients with CD who had previously failed on infliximab therapy, and then received adalimumab or placebo induction therapy in GAIN followed by adalimumab maintenance therapy up to 96 weeks. Clinically meaningful rates of steroid discontinuation, steroid-free clinical remission, and fistula healing were also achieved and maintained with long-term adalimumab treatment. Compared with the overall population, patients with response or remission at Week 4 of GAIN achieved consistently higher numerical rates of steroid-free remission through to Week 96 in ADHERE. No new safety signals were reported with prolonged use of adalimumab in this anti-TNF experienced patient population.
The contribution of adalimumab induction therapy to efficacy outcomes was also investigated. Original randomization to adalimumab in GAIN was associated with higher remission and response rates at entry to ADHERE compared with patients who received placebo in GAIN. However, differences were generally small and converged beyond Week 48 for the CR-70 and CR-100 end points. The benefit of induction therapy with adalimumab appeared to be more pronounced on steroid use.
Our results are consistent with the 4-year follow-up data reported for patients who enrolled in ADHERE from the CHARM study. 14 CHARM included both patients who were naïve to anti-TNF therapy and those who had previously received infliximab. 9 Higher rates of remission versus placebo were demonstrated for both these subgroups, with a slightly higher proportion of anti-TNF-naïve patients achieving remission than those with prior exposure. 9 GAIN was, to our knowledge, the first randomized, placebocontrolled trial to investigate use of a second anti-TNF antibody specifically after secondary failure or intolerance to infliximab. 11 GAIN demonstrated that use of adalimumab as a second anti-TNF is a potential option for induction therapy in these patients. 11 Our post hoc analysis of patient-reported CDAI components from 7-day diaries in GAIN demonstrated adalimumab provides early-onset patient benefits within the first week of treatment. These data indicating early benefit are in agreement with the total CDAI measurements in GAIN, where the adalimumab group showed statistically significantly lower mean CDAI than patients in the placebo group after 1 week of treatment.
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The main findings of this analysis of data from ADHERE confirm that long-term use of adalimumab maintains remission and response and is well tolerated in patients with prior loss of response or intolerance to infliximab. Several systematic reviews and small open-label studies have also investigated switching to adalimumab therapy after infliximab failure or intolerance. [16] [17] [18] [19] [20] [21] [22] Collectively, the available evidence supports use of adalimumab as a viable treatment option for the substantial population of patients who are no longer able to continue infliximab therapy due to loss of response or allergic reactions. 11, [16] [17] [18] [19] [20] [21] [22] Clinical studies have also demonstrated the efficacy of the anti-TNF certolizumab pegol after infliximab failure. 23, 24 Furthermore, it has been reported from a meta-analysis that response rates for a second anti-TNF are higher among those patients who develop intolerance to infliximab than in those with primary or secondary failure of response, 5 an observation that is consistent with reports in rheumatology. 25 In addition, subgroup analysis of the CHARM data suggests that greater efficacy with adalimumab EW dosing over EOW dosing may be achieved in subgroups of patients with prior loss of response to infliximab and elevated C-reactive protein levels. 26 The 2016 European Crohn's and Colitis Organisation guidelines include evidence-based consensus on medical management of CD following confirmed loss of response to an anti-TNF agent. 3 It is indicated that this should first be managed by dose optimization, with dose increase or interval shortening considered as equivalent strategies. If dose optimization is ineffective, switching to a different anti-TNF agent is recommended. In addition, where available, it is stated that measurement of serum anti-TNF trough levels and antidrug antibodies could be used to guide the optimization strategy. Indeed, switching to a second anti-TNF after infliximab failure or intolerance is an approach already adopted in clinical practice in CD. 5 Further studies and analyses are needed to investigate these observations so that strategies for use of a second anti-TNF, or switching to another class of therapeutic, can be optimized.
The AE profile of long-term adalimumab treatment reported here is consistent with the safety profile of adalimumab established in ~12 years of exposure from across the global clinical development programme in CD, rheumatoid arthritis, psoriasis, psoriatic arthritis, ankylosing spondylitis, and juvenile idiopathic arthritis, 27 and with real-world experience in patients with CD. 28 The overall rate of any AE [97.1%] was largely accounted for by worsening of CD. Adverse events of special interest that have been associated with anti-TNFs were reported at low frequencies. In particular, serious infections, which are the most frequently reported serious AEs of interest in the global CD trials, 29 were reported at a frequency of <10%. No cases of tuberculosis and no deaths were reported during the study.
Limitations of ADHERE include the lack of a comparator arm. In addition, the patients recruited were required to have either prior loss of response or intolerance to infliximab, and the criteria used to define a loss of response were broad and were applied retrospectively. Also, patients were lost from the study due to termination because country and local [if applicable] regulatory and reimbursement approval of adalimumab had been achieved, and the long-term safety registry [PYRAMID; NCT00524537] had opened for enrolment. In addition, patients entering ADHERE had differing exposure histories to adalimumab due to randomization in GAIN, where patients randomized to adalimumab had received an induction regimen comprising 4 weeks of adalimumab exposure before enrolment in ADHERE, but patients randomized to placebo in GAIN received no induction regimen. As patients in ADHERE knew they were receiving adalimumab given the open-label design, differences between subgroups [adalimumab versus placebo in GAIN] should be interpreted with caution. Finally, steroid tapering was not forced or directed by the study protocol.
In conclusion, adalimumab can induce and maintain long-term clinical remission and response, reported here through to 96 weeks, in patients with CD with prior loss of response or intolerance to infliximab. No new safety signals were observed with adalimumab long-term maintenance therapy in patients previously treated with infliximab.
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